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COMMUNICATION TERMINAL , BASE STATION, SERVER, NETWORK 
SYSTEM, AND HANDOVER METHOD 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a communication 

terminal, a base station, a server, a network system, and 
a handover method in a wireless system, and more 
particularly to a technique of selection of, connection to, 
and disconnection from a system in a terminal connectable 

10 to a plurality of wireless systems. 

In general, in a wireless system such as a wireless 
LAN (Local Area Network) and a mobile telephone, a 
wireless terminal makes communication with other wireless 
terminal and a terminal of a wire network via a wireless 

15 base station. A communication form also exists that is 
called an ad hoc mode in which each of fellow wireless 
terminals directly receives/transmits wireless signals 
from/to the other; however it is left out of consideration 
in the present invention. An area that one wireless base 

20 station covers is limited, whereby the wireless terminal 

performs a handover of appropriately switching over to the 
neighboring wireless base stations as it migrates for 
aiming at continuing the communication. 

Normally, in a case of the handover within the 

25 identical wireless system of which a system identifier 
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that a radio undertaker defines, a frequency band, a modem 
technique, etc. are the same, by mainly comparing a 
quality of a wireless link between the wireless terminal 
and one of a plurality of wireless base stations with a 
5 quality between the wireless terminal and another base 
station, the wireless base station of which the wireless 
link quality is most excellent is selected to perform the 
handover. The handover within the identical wireless 
system is a technique already-and-well established, which 
10 was described as an example of algorithm in the non-patent 
document 1 . 

On the other hand, in a case where the wireless 
terminal migrates between the different wireless systems, 
a criterion of the handover is often governed by a 

15 priority for the above. wireless system set by a user 

rather than the wireless link quality. Also, as a rule, a 
timing at which the handover between the wireless systems 
is executed is limited to a time of starting the wireless 
terminal, or a case where the wireless terminal migrated 

20 from the outside of a range of the wireless system within 
the range, and it is rare that the wireless system is 
switched over during communication. As a known art 
relating to the handover between the wireless systems, 
there are the non-patent documents 2, 3, and 4. 

25 In the non-patent document 2 was shown a method that 
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the user of the wireless LAN terminal automatically pre- 
registered the system name (Service Set ID in the IEEE 
Standard 802.11) of the connectable wireless LANs in the 
order of a priority to set information, which was employed 
5 for authentication and encryption in the wireless link 

layer, together therewith responding to necessity. In this 
case, it is at the time of starting the wireless LAN 
terminal, and at the time that the wireless LAN terminal 
migrated from the outside of the service range of the 

10 wireless LAN within the service range of anyone of the 
already-registered wireless LANs that the wireless LAN 
system having the highest priority is selected for 
connection according to this priority. 

In the handover between systems in accordance with 

15 this technigue, as long as the wireless link can be 

established, no link quality is evaluated furthermore, and 
a connection to the wireless system having the highest 
priority is always made. Accordingly, there is no problem 
as long as the user is in a standstill state, and almost 

20 no fluctuation in the wireless link quality exists; 
however the problem existed that a frequent link 
disconnection and re-connection occurred in a case where 
the wireless link quality between the wireless terminal 
and the wireless system in connection often deteriorated 

25 to the degree that the link was impossible to maintained, 
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with the user's migration. Also, even though the wireless 
link quality between the wireless terminal and the 
wireless LAN having a higher priority was improved 
sufficiently, with the wireless terminal's migration, as 
5 long as the wireless terminal is not disconnected from the 
wireless LAN in connection, the problem existed that it 
was not switched over to the wireless LAN having a higher 
priority . 

In the reference document 3 was shown a method of 

10 automatically selecting the Public Land Mobile Network at 
the time of starting the mobile telephone terminal, or at 
the moment that it migrated from the outside of the 
service range of the mobile telephone within its range. At 
this moment, the terminal firstly attempts a connection to 

15 the system of the Home Public Land Mobile Network (HPLMN) 
with which the user made a contract. In a case where the 
terminal was not able to connect to the HPLMN, it next 
attempts a connection to the system of the Public Land 
Mobile Network described in the "User Controlled PLMN 

20 Selector" field in the USLM (Universal Subscriber Identity 
Module) within the terminal, and further attempts a 
connection to the system of the Public Land Mobile Network 
described in the "Operator Controlled PLMN Selector" field. 
In a case where no connectable system of the Public Land 

25 Mobile Network is still found through the above-mentioned 
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steps, the system of the Public Land Mobile Network having 
a sufficient reception signal quality is randomly selected 
for connection, and in a case where no system of the 
Public Land Mobile Network having a sufficient reception 
5 signal quality is yet further found, the system of the 
Public Land Mobile Network is selected in the order of 
reception signal intensity. 

In the handover between the systems in accordance with 
this technique, once a connection to the wireless system 

10 is made, re-selection of the system is not carried out 

until the wireless terminal migrates up to the outside of 
its service range, or the manual operation is performed by 
the user. Accordingly, similarly to the technique of the 
non-patent document 2, the problem existed that the 

15 frequent link disconnection and re-connection occurred in 
a case where the wireless link quality between the 
wireless terminal and the Home Public Land Mobile Network 
often deteriorated to the degree that the wireless link 
quality was impossible to maintain. Also, with the mobile 

20 telephone service, as a rule, the Home Public Land Mobile 
Network and the Public Land Mobile Network other than it 
differ in the accounting system for the user, whereby 
there is also the case that the user does not always 
desire the automatic connection to the Public Land Mobile 

25 Network automatically selected. With the technique of the 
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non-patent document '3, however, the problem existed of 
selecting the wireless system automatically according to 
the above-mentioned procedure to attempt a connection. 

In the non-patent document 4 was shown a method of 
5 selecting and re-selecting the wireless system of which 

the connection cost is lowest by periodically evaluating a 
connection cost function 

fn (Bn, Pn, Cn) = wb • In (1/Bn) + wp • In (Pn)+ wc • In 

(Cn) 

10 for a plurality of the wireless systems, with a link band 
parameter of a wireless system n taken as Bn, a power 
consumption parameter as Pn, and an accounting condition 
as Cn, employing weighting parameters wb, wp, and wc . As 
an example of the wireless system, were listed the mobile 

15 telephone having the GSM (Global System for Mobile 
Communication) technique, the wireless LAN, and an 
infrared network. No wireless link quality is included in 
the above-mentioned connection cost function, whereby it 
is at the time that a link to the existing wireless system 

20 was disconnected, or at the time that a link to a new 
wireless system was established that the handover is 
carried out. 

With this non-patent document 4, was proposed a method 
of causing the terminal to have a time hysteresis for 
25 realizing stability of the handover, so that the next 
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handover was carried out only if the elapse time after the 
handover was equal to or more than a specified value in 
order to prevent the frequent link disconnection and re- 
connection at the time of deterioration in the wireless 
5 link quality. In the non-patent document 4, however, the 
user has to manually set the weighting parameters of the 
above-mentioned connection function, whereby the problem 
existed that it was difficult for the user having less 
knowledge about the network to set them. Also, the link 

10 band employs only a physical velocity of the link, whereby 
the problem existed that the portion was not reflected 
that varied depending upon the operational situation such 
as the congestion situation of the network. Furthermore, 
no restriction was imposed on the number of the wireless 

15 system to which the links can be simultaneously 

established, whereby the problem existed that the power 
consumption of the wireless terminal resulted in 
augmenting as the number of the wireless system to which 
the links were established increased. 

20 Also, with the non-patent document 4, in switching the 

systems of which the switching technique, the modulation 
technique, and the transmission medium are different 
respectively, there is the problem associated with 
different characteristics that respective systems have. 

25 For example,- in the mobile telephone having the GSM 
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technique, the stabilized telephone service can be offered 
because the circuit switching technique is employed even 
though the transmission velocity is low; however, in the 
wireless LAN, the stability of the telephone service 
5 lowers because the packet switching technique allowing for 
collision is employed even though the transmission 
velocity is fast. In a case of this example, the user who 
utilizes the telephone service sometimes desires the offer 
of the service by the mobile telephone having the GSM 

10 technique even though the wireless LAN is available. On 

the other hand, the user who employs the mobile telephone 
having the GSM technique to utilize the data transfer 
service desires to utilize the data communication service 
by immediately switching over to the wireless LAN if it 

15 becomes available. In such a manner, the problem exists 

that a control in strict conformity with the communication 
service that the user utilizes is impossible to take. 
[NON-PATENT DOCUMENT 1] 

G. P. Pollini, "Trends in Handover Design", IEEE 
20 Communications Magazine, March 1990, p82-p90" 
[NON-PATENT DOCUMENT 2] 

Microsoft Windows (R) XP Operating System, Wireless 
Zero Configuration Service, 

http: //www. microsoft . com/technet/columns/cableguy/cgll02 . a 
25 sp 
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[NON- PATENT DOCUMENT 3] 

3 GPP (3rd Generation Partnership Projects) , TS 
(Technical Specification) 22.011 "Service Accessibility" , 
Section 3.2.2.2 At switch-on or recovery from lack of 
5 coverage, A) Automatic network selection mode. 
[NON-PATENT DOCUMENT 4] 

Helen J. Wang, et al., "Policy-Enabled Handoffs Across 
Heterogeneous Wireless Networks", 2nd IEEE Workshops on 
Mobile Computing and Applications (WMCSA ' 99) , New Orleans, 

10 LA, February 1999. 

As mentioned above, the problem existed in the 
conventional handover technique between the wireless 
systems that the frequent link disconnection and re- 
connection occurred due to the wireless link quality 

15 between the wireless terminal and the wireless system in 
connection, and that the switching to the wireless system 
having a higher priority was not automatically carried out. 

The problem that the switching to the wireless system 
having a higher priority was not automatically carried out 

20 will be explained in details by employing Fig. 36 and Fig. 
37. In Fig. 36, wireless systems A, B, and C exist, and 
1000, 1010, and 1020 indicate areas in which the 
stabilized communication service can be offered from the 
wireless system A, B, and C respectively. Herein, it is 

25 assumed that the user switched on the power source of 
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his/her terminal to initiate the communication at an A 
point, and migrated to a C point via a B point as shown by 
a migration path 1030. Also, it is assumed that the user's 
connection priority for the wireless communication system 
A, the wireless communication system B, and the wireless 
communication system C rises in that order. 

Also, Fig. 37 is a view that schematically illustrates 
the levels of the reception signal to be received in the 
user' s terminal at the time that the user migrated 
according to the migration path 1030. In the figure, 1001, 
1011, and 1021 indicate the reception levels of the 
wireless communication system A, B, and C respectively. 
Also, the signal level to be shown by the signal level 
1031 is taken as a minimum reception signal level 
necessary for making the stabilized communication. 

In such a situation, at first, a case is considered 
where the user migrates from the A point up to the B point. 
The wireless systems A and B are connectable at the A 
point where the user switches on the power source of 
his/her terminal, and the user's terminal connects to the 
wireless system B because the wireless system B is higher 
than the wireless communication system A in terms of the 
connection priority. As the user's terminal migrates 
according to the migration path 1030, when it enters the 
domain in which the stabilized communication service can 



- 11 - 



be received from the wireless system C, the reception 
signal level from the wireless system C exceeds the signal 
level 1031. 

On the other hand, the reception signal level of the 
5 wireless system B at witch the connection was made at the 
time point that the user switched on the power source of 
his/her terminal has also already exceeded the signal 
level 1031, whereby it is possible to make the stabilized 
communication. At this moment, the user desires to 

10 immediately carry out the connection switching (handover) 
to the wireless system C if the situation comes that the 
stabilized communication service can be received from the 
wireless system C having a higher connection priority, to 
which the connection was impossible to make at the time 

15 point that he/she switched on the power source of his/her 
terminal. In the prior art, however, there is no 
possibility of the handover to the wireless communication 
system C because the stabilized communication can be 
received from the wireless system B. 

20 Furthermore, when the wireless terminal migrates from 

the B point up to the C point, it crosses over 1010 that 
is a service area boundary of the wireless system B, and 
the reception signal level from the wireless system B 
falls below the signal level 1031. In the prior art, in 

25 this time point, it retrieves again the wireless system 
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from which the stabilized communication service can be 
received. At this moment, the wireless system A and the 
wireless system C are detected as a candidate for the 
connection system, and the handover to the wireless system 
5 C having a higher priority is carried out based upon the 
connection priority . 

In order to cause the user' s connection priority to be 
compatible with the stabilized communication service, 
originally, it is desirable that, at the time point that 

10 it crossed over 1020 that was a service area boundary of 
the wireless system C during the migration to the B point 
from the A point, the handover is carried out to the 
wireless communication system C of which the connection 
priority is higher, and yet from which the stabilized 

15 communication service can be received. In the prior art, 
however, as mentioned above, there is no possibility of 
the handover to the wireless system C until it migrates 
from the B point up to the C point. 

Also, in a case where accounting systems of respective 

20 wireless systems differ, the problem existed that the 

wireless system was automatically selected to attempt the 
connection even though the user did not always desire the 
automatic connection . 

Also, in a case of making a conditioned determination 

25 of the handover between the systems by combining a link 
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band, power consumption, an accounting condition, etc. of 
each wireless system, the user has to manually set the way 
these are combined, whereby the problem existed that it 
was difficult for the user having less knowledge about the 
5 network to set them, and that the dynamic operational 
status of the network was impossible to reflect. 

SUMMARY OF THE INVENTION 

The present invention has an objective of stably 
10 realizing the handover between the wireless systems 

responding to connection policy information such as the 
priority of the wireless system and the advisability 
condition of the automatic connection to be set by the 
user, and the wireless link quality between the wireless 
15 terminal and each wireless system. 

Another objective of the present invention is to 
impose restrictions on the number of the wireless links 
that can be simultaneously established from the wireless 
terminal to restrain the power consumption of the wireless 
20 terminal, and to dynamically incorporate the operational 

situation of the network such as the congestion status for 
reflecting it in the conditioned determination of the 
handover . 

Yet another objective of the present invention is to 
25 solve the problem that no restriction is imposed on the 
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number of the wireless system to which the links can be 
simultaneously established, resulting in that the power 
consumption augments as the number of the wireless system 
to which the link was established increases. 
5 The communication terminal in accordance with the 

present invention is a communication terminal connectable 
to a plurality of communication systems, which is 
characterized in including communication system selection 
means for deciding the communication system to which to 

10 connect, based on a communication link quality and a 

connection policy including a priority of a connection set 
for each of said plurality of said communication systems. 

The base station in accordance with the present 
invention is a base station for making communication with 

15 a communication terminal connectable to a plurality of 
communication systems, and yet adapted to decide the 
communication system to which to connect based on a 
communication link quality and a connection policy, which 
is characterized in including means for informing said 

20 communication terminal of said connection policy. 

The server in accordance with the present invention is 
a server for making communication with a communication 
terminal connectable to a plurality of communication 
systems, and yet adapted to decide the communication 

25 system to which to connect based on a communication link 
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quality and a connection policy, which is characterized in 
including means for informing said communication terminal 
of said connection policy. 

The handover method between the communication systems 
5 in accordance with the present invention is a handover 
method between the communication systems, of a 
communication terminal connectable to a plurality of 
communication systems, which is characterized in including 
a communication system selection step of deciding the 

10 communication system to which to connect in said 

communication terminal, based on a communication link 
quality and a connection policy set for each of said 
plurality of said communication systems. 

The network system in accordance with the present 

15 invention is a network system having a function that a 
communication terminal connectable to a plurality of 
communication systems makes the handover between the 
communication systems, which is characterized in that said 
communication terminal includes means for selecting the 

20 communication system to which the connection should be 

initiated according to a communication link quality and a 
connection policy . 

The program in accordance with the present invention 
is a computer-readable program for controlling an 

25 operation of a communication terminal connectable to a 
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plurality of communication systems, which is characterized 
in including a communication system selection step of 
deciding the communication system to which to connect, 
based on a communication link quality, and a connection 
5 policy set for each of said plurality of said 
communication systems . 

Another program in accordance with the present 
invention is a computer-readable program for controlling 
an operation of a base station for making communication 

10 with a communication terminal connectable to a plurality 
of communication systems and yet adapted to decide the 
communication system to which to connect based on a 
communication link quality and a connection policy, which 
is characterized in including a step of informing said 

15 communication terminal of said connection policy. 

Yet another program in accordance with the present 
invention is a computer-readable program for controlling 
an operation of a network management server for making 
communication with a communication terminal connectable to 

20 a plurality of communication systems and yet adapted to 
decide the communication system to which to connect 
according to a communication link quality and a connection 
policy, which is characterized in including a step of 
informing said communication terminal of said connection 

25 policy. 



- 17 - 



An operation of the present invention will be 
described. A configuration is made so that the 
communication system to which the connection should be 
initiated is selected responding to connection policy 
5 information such as the priority of each communication 
system and the advisability condition of the automatic 
connection to be set by the user of the communication 
terminal that is a user,, and the communication link 
quality between the wireless terminal and each 

10 communication system. Doing so allows the handover between 
the communication systems to be stably realized. 
Furthermore, it becomes possible to impose restrictions on 
the number of the communication link that can be 
simultaneously established from the communication terminal 

15 for restraining the power consumption of the communication 
terminal, and to dynamically incorporate the operational 
situation of the network such as the congestion status for 
reflecting it in the conditioned determination of the 
handover . 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects, features and advantages of the 
present invention will become more apparent upon a reading 
of the following detailed description and drawings, in 
25 which: 
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Fig. 1 is a view illustrating a connection relation 
between the wireless terminal and the wireless system in 
the first embodiment of the present invention; 

Fig. 2 is a view illustrating an internal 
5 configuration of the wireless system 10 in the first 
embodiment of the present invention; 

Fig. 3 is a view illustrating another internal 
configuration of the wireless system 10 in the first 
embodiment of the present invention; 
10 Fig. 4 is a view illustrating an internal 

configuration of the wireless base station 20 in the first 
embodiment of the present invention; 

Fig. 5 is a table illustrating wireless system 
information of which the wireless base station 20 makes 
15 the broadcast transmission to the wireless terminals under 
the control thereof in the first embodiment of the present 
invention; 

Fig. 6 is a table illustrating wireless system 
registration information 500 of the wireless terminal 10 
20 in the first embodiment of the present invention; 

Fig. 7 is a flowchart at the moment that the wireless 
system registration means 66 of the wireless terminal 10 
registers/updates the wireless system information in the 
first embodiment of the present invention; 
25 Fig. 8 is a flowchart of the handover process that the 
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handover determination means 65 of the wireless terminal 
10 performs in the first embodiment of the present 
invention; 

Fig. 9 is a flowchart of the wireless system 
5 automatic-connection process that the handover 

determination means 65 of the wireless terminal 10 
performs in the first embodiment of the present invention; 

Fig. 10 is a flowchart of the wireless system manual- 
connection process that the handover determination means 
10 65 of the wireless terminal 10 performs in the first 
embodiment of the present invention; 

Fig. 11 is a flowchart of the wireless system manual- 
disconnection process that the handover determination 
means 65 of the wireless terminal 10 performs in the first 
15 embodiment of the present invention; 

Fig. 12 is a table illustrating wireless system 
registration information 501 of the wireless terminal 10 
in the second embodiment of the present invention; 
Fig. 13 is a flowchart of the wireless system 
20 automatic-connection process that the handover 

determination means 65 of the wireless terminal 10 
performs in the second embodiment of the present 
inventions- 
Fig. 14 is a flowchart at the moment that the wireless 
25 system registration means 66 of the wireless terminal 10 
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registers/updates the wireless system information in the 
third embodiment of the present invention; 

Fig. 15 is a flowchart of the handover process that 
the handover determination means 65 of the wireless 
terminal 10 performs in the fourth embodiment of the 
present invention; 

Fig. 16 is a flowchart of the wireless system 
automatic-disconnection process that the handover 
determination means 65 of the wireless terminal 10 
performs in the fourth embodiment of the present 
invention; 

Fig. 17 is a table illustrating wireless system 
registration information 502 of the wireless terminal 10 
in the fifth embodiment of the present invention; 

Fig. 18 is a flowchart of the wireless system 
automatic-disconnection process that the handover 
determination means 65 of the wireless terminal 10 
performs in the fifth embodiment of the present invention 

Fig. 19 is a table illustrating wireless system 
registration information 503 of the wireless terminal 10 
in the sixth embodiment of the present invention; 

Fig. 20 is a flowchart of the wireless system 
automatic-disconnection process that the handover 
determination means 65 of the wireless terminal 10 
performs in the sixth embodiment of the present invention 
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Fig. 21 is a flowchart at the moment that the wireless 
system registration means 66 of the wireless terminal 10 
registers/updates the wireless system information in the 
seventh embodiment of the present invention; 
5 Fig. 22 is a table illustrating wireless system 

registration information 504 of the wireless terminal 10 
in the eighth embodiment of the present invention; 

Fig. 23 is a flowchart at the moment that the 
connection status display means 67 of the. wireless 
10 terminal 10 makes a notification of the 

connection/disconnection to/from the wireless system in 
the eighth embodiment of the present invention; 

Fig. 24 is a table illustrating wireless system 
registration information 505 of the wireless terminal 10 
15 in the ninth embodiment of the present invention; 

Fig. 25 is a flowchart of the wireless system initial- 
authentication process that the handover determination 
means 65 of the wireless terminal 10 performs in the ninth 
embodiment of the present invention; 
20 Fig. 26 is a table illustrating the wireless system 

information of which the wireless base station 20 makes 
the broadcast transmission to the wireless terminals under 
the control thereof in the tenth embodiment of the present 
invention; 

25 Fig. 27 is one part of the flowchart at the moment 
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that the wireless system registration means 66 of the 
wireless terminal 10 registers/updates the wireless system 
information in the tenth embodiment of the present 
invention; 

5 Fig. 28 is one part of the flowchart at the moment 

that the wireless system registration means 66 of the 
wireless terminal 10 registers/updates the wireless system 
information in the tenth embodiment of the present 
invention; 

10 Fig. 29 is a table illustrating the wireless system 

information of which the wireless base station 20 makes 
the broadcast transmission to the wireless terminals under 
the control thereof in the eleventh embodiment of the 
present invention; 

15 Fig. 30 is a flowchart at the moment that the wireless 

system registration means 66 of the wireless terminal 10 
registers/updates the wireless system information in the 
eleventh embodiment of the present invention; 

Fig. 31 is a table illustrating the wireless system 

20 information of which the wireless base station 20 makes 

the broadcast transmission to the wireless terminals under 
the control thereof in the twelfth embodiment of the 
present invention; 

Fig. 32 is a flowchart at the moment that the wireless 

25 system registration means 66 of the wireless terminal 10 
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registers/updates the wireless system information in the 
twelfth embodiment of the present invention; 

Fig. 33 is a system view of the network management 
server in the embodiments of the present invention; 
5 Fig. 34 is a sequence view in a case of directly 

transmitting the wireless system information from the 
network management server of Fig. 33 to the wireless 
terminal ; 

Fig. 35 is a view illustrating the operational flow of 
10 the network management server of Fig. 33; 

Fig. 36 is a view for explaining the tasks associated 
with the prior art; and 

Fig. 37 is a schematic view illustrating the reception 
signal levels of the wireless terminal in Fig. 36. 

15 

DESCRIPTION OF THE EMBODIMENTS 

Hereinafter, embodiments of the present invention will 
be explained in details while a reference to the 
accompanied drawings is made. In Fig. 1 is illustrated a 

20 connection relation of a wireless terminal and a wireless 
system in a first embodiment of the present invention. The 
wireless system is configured of wire networks, wireless 
base stations, wire links, wireless links, and network 
management servers. As an example of the wireless system 

25 are listed a wireless LAN system in conformity with the 
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IEEE 802.11 Standard, and a mobile telephone system in 
conformity with the 3 GPP Standard, etc., however it is 
not always limited hereto. Also, in a case where 
independent wireless system identifiers are assigned by 
5 different management organizations to the wireless systems 
that conform to the identical technical specification, 
they are regarded as a different wireless system 
respectively. In a case where respective wireless systems 
are close geographically, and one part thereof exists to 

10 overlap each other, the wireless terminal selects one or 
more wireless systems to connect to an external network, 
with the start and the migration thereof. 

In a service area 100 of the wireless system A, 
wireless terminals 10 and 11, which are connected to a 

15 wireless base station 20, make data communication via 

wireless links 200 and 201. Wireless base stations 20 and 
21 are connected to a wire network 30 of the wireless 
system A via wire links 300 and 301 respectively, and 
further connected to a network management server 4 0 and an 

20 external network 50 via wire links 310 and 320 

respectively. In a service area 101 of the wireless system 
B, wireless terminals 12, 13 and 14, which are connected 
to a wireless base stations 22, make data communication 
via wireless link 203, 204, and 202. The wireless terminal 

25 12 is connectable to any of the wireless base station 22 



of the wireless system B and the wireless base station 21 
of the wireless system A; however, herein, it is connected 
to the wireless base station 22 of the wireless system B. 

The wireless base station 22 is connected to a wire 
network 31 of the wireless system B via a wire link 302, 
and further connected to a network wireless-resource 
management server 41 and the external network 50 via wire 
links 311 and 321 respectively. In a service area 102 of 
the wireless system C, a wireless terminal 15 that is 
connected to a wireless base station 23, and wireless 
terminals 16 and 17 that are connected to a wireless base 
station 24 make data communication via wireless links 206, 
207, and 205. The wireless terminals 15 and 16 are 
connectable to any of the wireless base station 22 of the 
wireless system B and the wireless base stations 23 and 24 
of the wireless system C; however, herein, they are 
connected to the wireless base stations 23 and 24 of the 
wireless system C respectively. The wireless base stations 
23 and 24 are connected to a wire network 32 of the 
wireless system C via wire links 303 and 304, and further 
connected to a network management server 42 and the 
external network 50 via wire links 312 and 322 
respectively. 

Next, in Fig. 2 is illustrated an internal 
configuration of the wireless terminal 10 in the first 
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embodiment of the present invention. When a wireless 
receiver 60 receives wireless signals from the wireless 
link 200, it performs a modulation of the physical layer 
and a termination operation of the data link layer to 
5 output reception data 400, 402, and 403 to TCP/IP 

(Transmission Control Protocol/Internet Protocol) process 
means 69, a wireless system information acquisition 
circuit 62, and a wireless link quality acquisition 
circuit 63. Also, a wireless transmitter 61 performs the 

10 termination operation of the data link layer, and the 

modulation of the physical layer for transmission data 401 
that was input, and transmits wireless signals to the 
wireless link 200. 

In Fig. 2, the wireless receiver 60 and the wireless 

15 transmitter 61 are illustrated in plural; however one is 
enough for each thereof. In a case of requiring the 
connection to a plurality of the wireless systems 
simultaneously, a set of the wireless receiver and the 
wireless transmitter becomes a necessity responding to the 

20 simultaneous connection number. The wireless system 
information acquisition circuit 62 acquires wireless 
system information necessary for connection such as 
wireless system identifiers about which the wireless 
system informs, and output it to handover determination 

25 means 65 and wireless system registration means 66. A 



wireless link quality acquisition circuit 63 measures the 
wireless link quality between the wireless base station of 
the wireless system that exists within the service range, 
and the wireless terminal to output its result to the 
handover determination means 65. 

Wireless system connection/disconnection means 64 
gives an instruction for a connection/disconnection 
to/from the wireless system, and makes an alteration to 
various configurations for the wireless receiver 60 and 
the wireless transmitter 61 on receipt of a request by the 
handover determination means. The handover determination 
means 65 makes a determination of the handover based on 
information that was input. The wireless system 
registration means 66 stores wireless system information, 
a priority, a wireless link quality threshold of the 
automatic connection, etc. that were input from the user, 
and outputs wireless system registration information to 
the handover determination means 65 and connection status 
display means 67 . The connection status display means 67 
displays for the user information of the wireless systems, 
which are in connection, were already registered, and were 
not registered yet but are within the service range, 
together with the wireless link quality. Manual 
connection/disconnection means 68 outputs manual 
connection/disconnection instruction information to the 
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handover determination means 65 on receipt of an 
instruction for the connection/disconnection to/from the 
wireless system by a user's manual operation. TCP/IP 
process means 69 and application execution means 70 
5 transmit /receive data for executing communication 
applications on the wireless terminal. 

Also, so as to switch over a handover control 
according to the applications such as data transfer and 
voice communication, as shown in Fig. 3, application 

10 selection means 78, which is introduced into a block of 

Fig. 2, has the wireless system registration means 66 for 
each application under the control thereof. The 
application selection means 78 inputs application 
information under execution from the application execution 

15 means 70 to select the appropriate wireless system 

registration means. Additionally, a transfer path is 
decided unilaterally in a general terminal irrespective of 
the applications, whereby so as to introduce the handover 
control that corresponds to such applications, the 

20 wireless terminal needs to correspond so that an 

input/output interface can be designated application by 
application . 

Further, the situation could exist that the connection 
destination wireless-systems to be requested by a 
25 plurality of the applications differ respectively, whereby 



a connection is impossible to make simultaneously. 
Accordingly, so as to switch over the handover control 
depending upon the applications, it is necessary to 
mediate a competition between the connection destination 
wireless-systems in such a manner that a priority is 
preset for the applications to select the connection 
destination wireless system designated by the application 
having a high priority. 

In Fig. 4 is illustrated an internal configuration of 
the wireless base station 20 in the first embodiment of 
the present invention. A wireless receiver 80 and a 
wireless transmitter 81 perform a modem process and a data 
link layer termination process of wireless signals to be 
transmitted/received via the wireless links 200 and 201. A 
wire receiver 82 and a wire transmitter 83 perform the 
modem process and the data link layer termination process 
of wireless signals to be transmitted/received via the 
wire link 300. Data transfer means 84 performs a data 
transfer process with the wireless receiver 80, the 
wireless transmitter 81, the wire receiver 82, and the 
wire transmitter 83. 

Also, the data transfer means 84 outputs broadcast 
transmission data input from wireless system information 
broadcast means 86 to the wireless transmitter 81. 
Statistic information acquisition means 85 generates 
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statistic data 457 from transmission/reception data 
information 4 55 to output it to network management server 
communication means 87. The wireless system information 
broadcast means 86 generates data for broadcasting the 
wireless system information such as the wireless system 
identifiers to the wireless terminals under the control 
thereof to output it to the data transfer means 84. 

The network management server communication means 87 
performs a protocol process for making communication with 
the network management server, and carries out the output 
of statistic information, the trap generation at the time 
of abnormality, and so on. Also, in a case where the 
network management server communication means 87 was 
requested to make an alteration to the setting of the 
wireless base station by the network management server, it 
outputs configuration information to the data transfer 
means 84, and the wireless transmitter /receiver 80/81 and 
the wire transmitter/receiver 82/83 to execute an 
alteration to various settings. 

Fig. 5 is a view illustrating the wireless system 
information of which the wireless base station 20 makes 
the broadcast transmission to the wireless terminals under 
the control thereof in the first embodiment of the present 
invention. Wireless system information 950 is configured 
of a destination wireless-terminal identifier 960, a 
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transmission source base station identifier 961, a packet 
classification field 962, and a wireless system identifier 
(N) 963. In a case of broadcasting the wireless system 
information, a broadcast address is set for the 
5 destination wireless-terminal identifier 960. An address 
of the wireless base station 20 is set for the 
transmission source base station identifier 961. 

The packet classification field 962 is used for 
identifying the type of normal data and management data, 

10 and an identifier indicating the wireless system 

information is set herein. The wireless system identifier 
(N) 963 is a wireless system identifier to be set by a 
management organization. For example, with the wireless 
system in conformity with the IEEE 802.11 Standard, the 

15 Service Set Identifier (SSID) is equivalent to the 
wireless system identifier. 

In Fig. 6 is illustrated wireless system registration 
information 500 of the wireless terminal 10 in the first 
embodiment of the present invention. Information to be 

20 ' registered is a wireless interface 510, a system 

identifier (N) 520, a priority (P) of a connection 530, 
and a connection initiation wireless-link quality 
threshold (Ql) 540. Interface information such as a WLAN 
(Wireless LAN) , and a cellular telephone is set for the 

25 wireless interface 510. If the wireless terminal has only 
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one wireless interface, the wireless interface 510 can be 
omitted. The system identifier of the wireless system is 
registered to the field of the system identifier (N) 520. 
In case of Fig. 6, five kinds of the system 
5 identifiers, OFFICE1, L0UNGE1, LOUNGE2, PUBLIC1, and 

PUBLIC2 are registered. The priority of the connection to 
the wireless system designated by the user is registered 
to the priority (P) of connection 530. In case of Fig. 6, 
eight stages of the priorities ranging from 0 up to 7 are 

10 defined. The threshold information of the wireless link 
quality necessary for automatically initiating the 
connection is set for the connection initiation wireless- 
link quality threshold (Ql) information. As to a method of 
evaluating the link quality, there are various methods 

15 such as the method of employing a signal level, the method 
of employing a signal to noise level ratio, the method of 
employing a packet error rate, and the method of employing 
a retransmission probability. 

Herein, as one example, with a receiving sensitivity 

20 (a reception signal level at which a packet loss rate 
amounts to 1%) of the wireless receiver taken as a 
reference, a difference between the level of the signal 
that the wireless terminal received from the wireless base 
station, and the receiving sensitivity is compared to the 

25 threshold Ql . The connection is made immediately after the 
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wireless link becomes available in a case where Ql is 
assumed to be next to 0 (zero), whereby the condition of 
the connection is eased. The condition of the initial 
connection is intensified when Ql is assumed to be large, 
5 thus allowing the communication after the connection to be 
stabilized relatively . 

In Fig. 7 is illustrated a flowchart at the moment 
that the wireless system registration means 66 of the 
wireless terminal 10 registers/updates the wireless system 

10 information in the first embodiment of the present 

invention. When the wireless system information is input 
into the wireless system registration means 66 by the user 
(step 801), at first, it sets wireless interface 
information and a wireless system identifier N (step 802) . 

15 Next, it checks whether a designation for the priority P 

of the connection by the user exists (step 803) to set its 
value (step 804) in a case where it exists, and to set the 
connection priority of a default in a case where it does 
not exist (step 805). 

20 Also, the wireless system registration means 66 checks 

whether a designation for the connection initiation 
wireless-link quality threshold Ql by the user exists 
(step 806) to set its value in a case where it exists 
(step 807), and to set the connection initiation wireless- 

25 link quality threshold of the default in a case where it 
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does not exist (step 808) . It outputs these kinds of the 
information that were set to the handover determination 
means 65 and the connection status display means 67 (steps 
809 and 810) . 

5 In Fig. 8 is illustrated a flowchart of the handover 

process that the handover determination means 65 of the 
wireless terminal 10 performs in the first embodiment of 
the present invention. The handover determination means 65 
performs the determination of the handover periodically , 

10 and initiates a series of determination processes when 
determination timing comes (step 601) . At first, it 
acquires wireless system registration information from the 
wireless system registration means 66 (step 602), acquires 
an identifier list of the connectable wireless systems 

15 from the wireless system information acquisition circuit 
62 (step 603), and acquires the wireless link quality for 
the connectable wireless systems from the wireless link 
quality acquisition circuit 63 (step 604) . 

Next, the handover determination means 65 selects 

20 connection destination candidates from the wireless 

systems in the order of a high priority (step 605) to 
perform an automatic connection process of the wireless 
systems (step 607) . After it performed this process for 
all wireless systems, it schedules the determination 

25 timing of the next handover (step 606), and comes to a 
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standstill . 

Fig. 9 is a flowchart illustrating the details of the 
wireless system automatic-connection process 607 in Fig. 8. 
At first, the handover determination means 65 selects a 
5 base station of which the wireless link quality between it 
and the wireless terminal is most excellent as a 
connection destination candidate, out of the base stations 
that belong to the selected wireless system (step 611) . It 
checks whether the connection to this base station is 

10 already under way (step 612) to finish the process as it 
stands if it is under way (step 613) . In a case where it 
is not under way, with the wireless link quality between 
the base station that is a connection destination 
candidate and the wireless terminal taken as Q (step 614), 

15 and the connection initiation wireless-link quality 

threshold already registered to the wireless system that 
is a connection destination candidate (step 615) as Ql, a 
magnitude relation of Q and Ql is checked (step 616) . 

If Q is less than Ql, the process is finished (step 

20 617). In a case where Q is equal to or more than Ql, the 
wireless system connection/disconnection means 68 is 
instructed to make a connection to the selected wireless 
base station (step 618), and it is checked whether the 
connection succeeded (step 619) . In a case where the 

25 connection failed, the process is finished (step 620) . In 
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a case where the connection succeeded, and in addition 
hereto in a case where the wireless systems in connection 
exist in plural, and the wireless system to which a 
connection was newly made has the highest priority (step 
5 621), a default route is updated for the wireless system 
to which a connection was newly made (step 622) . 
Additionally, the so-called default route points to a pair 
of the address and the output interface that the above 
terminal sets for the transfer destination at the moment 

10 of transmitting a packet of which the destination address 
does not exist in a routing table. Normally, it is one 
interface that can be designated as a default route, and 
the wireless system having the highest priority is 
selected in a case where a plurality of the wireless 

15 systems can be simultaneously utilized. Finally, the 

connection status display means 67 is given an instruction 
for display update (step 623), and the process is finished 
(step 624) . 

Fig. 10 is a flowchart of the wireless system manual- 
20 connection process that the handover determination means 
65 of the wireless terminal 10 performs in the first 
embodiment of the present invention. In a case where the 
connection process by the user' s manual operation is 
performed in addition to the automatic handover shown in 
25 Fig. 8 and Fig. 9, its process follows this flowchart. At 
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first, in a case where the connection instruction to a new 
wireless system was input into by the manual 

connection/disconnection means 68 (step 631) , the handover 
determination means 65 selects the base station of which 
5 the wireless link quality between the base station and the 
wireless terminal is most excellent as a connection 
destination candidate, out of the base stations that 
belong to the selected wireless system (step 632) . 
Next, it instructs the wireless system 

10 connection/disconnection means 64 to make a connection to 
the selected wireless base station (step 633), and checks 
whether the connection succeeded (step 634) . It finishes 
the process in a case where the connection failed (step 
635) . In a case where the connection succeeded, and in 

15 addition hereto in a case where the wireless systems in 
connection exist in plural, and the wireless system to 
which a connection was newly made has the highest priority 
(step 636), it updates a default route for the wireless 
system to which a connection was newly made (step 637). 

20 Finally, the connection-status display means 67 is given 
an instruction for the display update (step 638), and the 
process is finished (step 639) . 

Fig. 11 is a flowchart of the wireless system manual- 
disconnection process that the handover determination 

25 means 65 of the wireless terminal 10 performs in the first 



- 38 - 



embodiment of the present invention. At first, in a case 
where the wireless system disconnection instruction was 
input by the manual connection/disconnection means 68 
(step 641) , it is checked whether the connection to the 
5 base station of the designated wireless system is under 
way (step 642). If it is under way, the wireless system 
connection/disconnection means 68 is given an instruction 
for disconnection (step 644), and if it is not under way, 
the process is finished (643). 

10 It is checked whether the disconnection failed (step 

645), and in a case where the disconnection failed, the 
process is finished (step 646) . In a case where the 
disconnection succeeded, an in addition hereto, in a case 
where the wireless system to which the connection was 

15 disconnected has the default route set (step 647), next, 
the default route is updated for the wireless system 
having a high priority (step 648) . Finally, the connection 
status display means 67 is given an instruction for the 
display update (step 649), and the process is finished 

20 (step 650) . 

As mentioned above, in accordance with the present 
invention, setting the priority and the link quality 
threshold of the connection initiation wireless system by 
wireless system to execute the handover between the 

25 systems according hereto allows the handover between the 
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wireless systems to be stably realized while the user's 
connection policy is reflected. 

In Fig. 12 is illustrated wireless system registration 
information 501 of the wireless terminal 10 in a second 
5 embodiment of the present invention. In the wireless 

system registration information 501, automatic connection 
flag (Fl) information is defined wireless system by 
wireless system in addition to the wireless system 
registration information 500 in the first embodiment shown 

10 in Fig. 6. 

Fig. 13 is a flowchart of the wireless system 
automatic-connection process that the handover 
determination means 65 of the wireless terminal 10 
performs in the second embodiment of the present invention. 

15 As to the entire process of the handover, it is similar to 
the flowchart of the first embodiment shown in Fig. 8. 
After the wireless system that was a connection 
destination candidate was selected, at first, it is 
checked whether the automatic connection flag Fl of the 

20 wireless system was set to ON (step 661) . In a case where 
this flag Fl is not at ON, the process is finished as it 
stands (step 662) . In a case where the flag Fl is at ON, 
hereinafter is performed the process similar to the 
wireless system automatic-connection process in the first 

25 embodiment shown in Fig. 9. 
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Defining the automatic connection flag of the wireless 
system in such a manner allows the automatic connection to 
the wireless system to be avoided in a case where the user 
does not always desire the automatic connection such as a 
5 case where the accounting systems of respective wireless 
system differ. 

In Fig. 14 is illustrated a flowchart at the moment 
that the wireless system registration means 66 of the 
wireless terminal 10 registers/updates the wireless system 
10 information in a third embodiment of the present invention. 

In this embodiment, in a case where no designation 
exists for the priority of the connection to the wireless 
system by the user, the setting is automatically made so 
that Ql and the priority P have a negative correlation. 
15 After the registration information of the wireless system 
was input (step 821), the process up to the point where 
the priority is set (step 825) are similar to the 
flowchart of the wireless system information 
registration/update in the first embodiment shown in Fig. 
20 7. 

Next, Pmax is taken as a maximum value of the priority 
of the connection to the wireless system to be pre-decided 
in a fixed manner (step 826), and it is checked whether a 
designation for the connection initiation wireless-link 
25 quality threshold (Ql) by the user exists (step 827) . In a 
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case where the designation for Ql by the user exists, the 
designated connection initiation wireless-link quality 
threshold is used as it stands (step 828) . On the other 
hand, in a case where no designation exists, AQ1 is set 
5 for a connection initiation threshold difference to be 
pre-decided in a fixed manner (step 829) , and Ql for 

(a connection initiation wireless-link quality 
threshold of a default) + (Pmax - P) • AQ1) 
(step 830) . 

10 After the setting of Ql was completed, the 

registered/updated information of the wireless system is 
output to the handover determination means 65 (step 831) 
to give an instruction for the display update to the 
connection-status display means 67, and the process is 

15 finished (step 832) . 

In accordance with the present invention, automating 
the setting so that Ql and the priority P have a negative 
correlation in such a manner allows the wireless system 
having a higher priority, of which the connection 

20 condition is eased all the more, to be selected more 
easily for connection. 

In Fig. 15 is illustrated a flowchart of the handover 
process that the handover determination means 65 of the 
wireless terminal 10 performs in a fourth embodiment of 

25 the present invention. In the fourth embodiment, in 
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addition to the automatic connection process for the 
wireless system, in a case where the number of the above 
wireless systems in connection exceeded the maximum 
simultaneous-connection wireless-system number M, the 
5 wireless system are selected in the order of a low 

priority P to perform the automatic disconnection process 
of automatically disconnecting the connection to the 
selected wireless system. 

A difference between this handover process, and the 

10 handover process of the first embodiment shown in Fig. 8 
lies in performing the automatic disconnection process of 
the wireless systems after the automatic connection 
process was performed for all wireless systems in the 
order of a high priority (step 686) . In Fig. 16 is 

15 illustrated a flowchart of the wireless system automatic- 
disconnection process that the handover determination 
means 65 of the wireless terminal 10 performs in the 
fourth embodiment of the present invention. At first, the 
maximum simultaneous-connection wireless-system number M 

20 is pre-decided in a fixed manner (step 690) to check 

whether the current wireless system number in connection 
exceeded M (step 691) . This wireless system number in 
connection increases by 1 (one) whenever the connection to 
the wireless system is newly made, and it decreases by 1 

25 (one) when the connection is disconnected. 



Like the wireless LAN, however, in a case where 
simultaneously with newly selecting the wireless system 
for connection, the connection to the existing wireless 
system is disconnected, no addition is operated. Herein, 
if the current wireless-system number in connection did 
not exceed M, the process is finished as it stands (step 
693) . In a case where it exceeded M, the disconnection 
destination candidates are selected from the wireless 
systems in the order of a low priority (step 692) . In the 
step 692, the disconnection destination candidates are 
selected from other wireless systems than the already- 
selected wireless system in a loop process. If the 
connection to the base station of the selected wireless 
system is under way (step 694), the wireless system 
connection/disconnection means 64 is given an instruction 
for disconnecting the connection to the base station (step 

695) . In a case where the disconnection succeeded (step 

696) , further, it is checked whether the wireless system 
to which the connection was disconnected has the default 
route set (step 697), and in a case where it has the 
default route set, the default route is updated for the 
wireless system in connection having the next highest 
priority (step 698) . 

Finally, the connection status display means 67 is 
given an instruction for the display update (step 699), 
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and the process returns to the step 691. For the wireless 
systems to which the connection is not disconnected with 
the wireless system automatic-disconnection process shown 
herein, the disconnection process is performed by the 
5 manual disconnection operation of the user, or in a case 
where the wireless link quality deteriorated to the degree 
that the wireless link was impossible to maintain. 

Imposing restrictions on the maximum simultaneous- 
connection wireless-system number M in such a manner to 

10 automatically perform the disconnection process of the 

wireless systems in the order of a low. priority in a case 
where this was exceeded allows a reduction in the power 
consumption of the wireless terminal to be realized. 

In Fig. 17 is illustrated wireless system registration 

15 information 502 of the wireless terminal 10 in a fifth 
embodiment of the present invention. In the wireless 
system registration information 502, connection 
termination wireless-link quality threshold (Q2) 
information 560 is defined wireless system by wireless 

20 system in addition to the wireless system registration 

information 501 in the second embodiment shown in Fig. 12. 
Fig. 18 is a flowchart of the wireless system automatic- 
disconnection process that the handover determination 
means 65 of the wireless terminal 10 performs in the fifth 

25 embodiment of the present invention. 



At first, the disconnection destination candidates are 
selected from the wireless systems in the order of a low 
priority (step 701) . In a case where all wireless systems 
were checked, the process is finished (step 702) . In a 
case where the wireless system was selected, it is checked 
whether the connection to the base station of the selected 
wireless system is under way (step 703) . In a case where 
the connection to the base station of the above wireless 
system is under way, the wireless link quality between the 
base station that is a disconnection destination candidate, 
and the wireless terminal is taken as Q (step 704), and 
the connection termination wireless-link quality threshold 
already registered to the wireless system that is a 
disconnection destination candidate as Q2 (step 705) . 

Next, in a case where Q is less than Q2 (step 706), 
the connection to the base station in connection is 
disconnected (step 707), and in addition hereto, in a case 
where the disconnection succeeded (step 708), and the 
wireless system to which the connection was disconnected 
has the default route set (step 709), the default route is 
updated for the wireless system in connection having the 
next highest priority (step 710) . Finally, the connection 
status display means 67 is given an instruction for the 
display update (step 711) and the process returns to the 
step 701. In this embodiment, when Q2 is assumed to be 



- 46 - 



large, the disconnection condition from the above wireless 
system is eased, thus allowing the switchover to the other 
wireless systems to be made easily. 

On the other hand, when Q2 is lessened, and a 
5 difference between Ql and Q2 is assumed to be large, the 
handover is stabilized, thus allowing the frequent 
disconnection and re-connection to be avoided also in a 
case where the wireless link quality varies largely. 

In Fig. 19 is illustrated wireless system registration 

10 information 503 of the wireless terminal 10 in a sixth 
embodiment of the present invention. In the wireless 
system registration information 503, automatic 
disconnection flag ( F2 ) information 570 is defined 
wireless system by wireless system in addition to the 

15 wireless system registration information 502 in the fifth 
embodiment. Fig. 20 is a flowchart of the wireless system 
automatic-disconnection process that the handover 
determination means 65 of the wireless terminal 10 
performs in the sixth embodiment of the present invention. 

20 A difference between this flowchart, and the flowchart 

of the wireless system automatic-disconnection process of 
the fifth embodiment shown in Fig. 18 lies in checking in 
the step 713 whether the automatic disconnection flag (F2) 
of the above wireless system has was set to ON to perform 

25 the automatic disconnection process only in a case of ON. 
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In a case where the automatic disconnection flag F2 was 
not set to ON, the connection to the wireless system is 
disconnected by the manual operation of the user, or it is 
disconnected at the first time when the wireless link 
5 quality deteriorated to the degree that the wireless link 
was impossible to maintain. 

Defining the automatic disconnection flag of the 
wireless system in such a manner allows advisability of 
the automatic disconnection to be switched over responding 

10 to the subscriber's disconnection policy. 

In Fig. 21 is illustrated a flowchart at the moment 
that the wireless system registration means 66 of the 
wireless terminal 10 registers/updates the wireless system 
information in a seventh embodiment of the present 

15 invention. A difference between this flowchart, and the 
registration/update flowchart of the wireless system 
information in the third embodiment of the present 
invention shown in Fig. 14 lies in making it a rule to 
make the automatic setting so that the connection 

20 termination wireless-link quality threshold Q2 and the 
priority P have a negative correlation in the steps 
subsequent to the step 851. 

In this case, at first, it is checked whether a 
designation for the connection termination wireless-link 

25 quality threshold (Q2) by the user exists (step 851). In a 
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case where the designation for Q2 by the user exists, the 
designated connection termination wireless-link quality 
threshold is used as it stands (step 852). In a case where 
no designation exists, AQ2 is set for a connection 
5 termination threshold difference to be pre-decided in a 
fixed manner (step 853) , and Q2 for 

(a connection termination wireless-link quality 
threshold of a default) + (Pmax - P) • AQ2) 
(step 854 ) . 

10 After the setting of Q2 was completed, the 

registered/updated information of the wireless system is 
output to the handover determination means 65 (step 855), 
the connection-status display means 67 is given an 
instruction for the display update, and the process is 

15 finished (step 856) . In accordance with the present 
invention, automating the setting so that Q2 and the 
priority P have a negative correlation in such a manner 
allows the wireless system having a higher priority, of 
which the disconnection condition is eased all the more, 

20 to be given a longer connection time. 

In Fig. 22 is illustrated wireless system registration 
information 504 of the wireless terminal 10 in an eighth 
embodiment of the present invention. In the wireless 
system registration information 504, connection status 

25 change notification flag (F3) information 580 is defined 
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wireless system by wireless system in addition to the 
wireless system registration information 503 in the sixth 
embodiment. In Fig. 23 is illustrated a flowchart at the 
moment that the connection status display means 67 of the 
5 wireless terminal 10 makes a notification of the 

connection/disconnection to/from the wireless system in 
the eighth embodiment of the present invention. When the 
connection status display means 67 receives a notification 
of the connection to a new wireless system from the 

10 handover determination means 65 (step 731), it checks 

whether the connection status change notification flag F3 
of the wireless system to which the connection was newly 
made is at ON (step 732) . 

In a case where F3 was at ON, the connection status 

15 display means 67 makes a pop-up display of "connection 
initiation (wireless system name)" on a screen of the 
wireless terminal (step 733), and further, causes the 
wireless terminal to generate a beep sound for notifying 
the connection initiation (step 734) . On the other hand, 

20 in a case where the connection status display means 67 
received a notification of the disconnection from the 
wireless system in connection from the handover 
determination means 65 (step 736) , it checks whether the 
connection status change notification flag F3 of the 

25 wireless system to which the connection was disconnected 
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is at ON (step 737) . In a case where F3 was at ON, it 
causes the wireless terminal to make the pop-up display of 
"connection termination (wireless system name)" (step 738) 
and to generate the beep sound for notifying the 
5 connection termination (step 739) . 

Automating the handover between the wireless systems 
in such a manner, and explicitly notifying the generation 
of the handover to the user allows the handover that the 
user does not attempt to be prevented from being generated. 

10 In Fig. 24 is illustrated wireless system registration 

information 505 of the wireless terminal 10 in a ninth 
embodiment of the present invention. In the wireless 
system registration information 505, authentication 
request flag (F4) information 590 is defined wireless 

15 system by wireless system in addition to the wireless 
system registration information 504 in the eighth 
embodiment. Fig. 25 is a flowchart of a wireless system 
initial-authentication process that the handover 
determination means 65 of the wireless terminal 10 

20 performs in the ninth embodiment of the present invention. 

At first, the connection to a new wireless system is 
made (step 761), and it is checked whether the 
authentication request flag F4 of the wireless system to 
which the connection was newly made is at ON (step 762) . 

25 In a case where F4 was at ON, the handover determination 
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means 65 starts a Web browser (step 764) to establish a 
TLS (Transport Layer Security) session, and to cipher a 
message that is transmitted/received hereafter (step 765) . 
Next, it displays an authentication information input 
5 request screen (step 766), and when authentication 
information is input from the user (step 767), it 
transmits the authentication information to the wireless 
system to which the connection was newly made (step 768) . 
For the transmitted authentication information, it 

10 acquires the authentication result from the wireless 

system (step 769) . If the authentication is not successful 
(step 770), it gives the connection status display means 
67 an instruction for the display update to the effect 
that the authentication failed (step 771), and finishes 

15 the process (step 772) . 

On the other hand, in a case where the authentication 
succeeded, further, it acquires a wireless signal 
cryptography key from the wireless system (step 773), and 
after it sets the acquired wireless signal cryptography 

20 key for the wireless transmitter 61 and the wireless 

receiver 60 (step 774), it gives the connection status 
display means 67 an instruction for the display update 
(step 775) to finish the process (step 776) . Interlocking 
the automatic connection to the wireless system, and the 

25 authentication operation in such a manner allows the 
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handover between the wireless systems to be realized 
smoothly. 

In Fig. 26 is illustrated wireless system information 
951 of which the wireless base station 20 makes the 
5 broadcast transmission to the wireless terminals under the 
control thereof in a tenth embodiment of the present 
invention. In the wireless system information 951, 
priority (P) information of a connection 964, connection 
initiation wireless-link quality threshold (Ql) 

10 information 965, automatic connection flag (Fl) 

information 966, connection termination wireless-link 
quality threshold (Q2) information 967, automatic 
disconnection flag (F2) information 968, connection status 
change notification flag (F3) information 969, and 

15 authentication request flag (F4) information 970 are 

defined in addition to the wireless system information 950 
in the first embodiment shown in Fig. 5. 

In Fig. 27 and Fig. 28 is illustrated a wireless 
system information registration/update operation flowchart 

20 at the moment that the wireless terminal received this 

wireless system information 501. When the wireless system 
information is input via the wireless system information 
acquisition circuit 62 (step 841), the wireless system 
registration means 66 checks whether the wireless 

25 interface and the wireless system identifier N that were 



- 53 - 



input were already registered (step 842), and if they were 
not registered yet, it finishes the process (step 843). In 
a case where they were already registered, when the user 
did not designated the priority of connection P (step 844), 
5 and yet the priority P of the connection existed in the 
received wireless system information (step 846), the 
received priority value is set for P (step 847) . In a case 
other than it, the current priority value is used as it 
stands (step 845) . 

10 Hereinafter, as to the connection initiation wireless- 

link quality threshold Ql (steps 848 to 850), the 
connection termination wireless-link quality threshold Q2 
(steps 851 to 855) , the automatic connection flag Fl 
(steps 856 to 859) , the automatic disconnection flag F2 

15 (steps 860 to 863), the connection status change 
notification flag F3 (steps 864 to 867), and the 
authentication request flag F4 (steps 868 to 871), they 
are also processed similarly. 

After the update process for all kinds of the wireless 

20 system registration information was completed, information 
of the wireless system is output to the handover 
determination means 65 (step 872), the connection status 
display means 67 is given an instruction for the display 
update (step 873), and the process is finished (step 874). 

25 In such a manner, in accordance with the present invention, 
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it is possible to set each parameter of the handover 
between the wireless systems based on information received 
from the wireless systems, and to alleviate the user's 
labor for setting. 
5 In Fig. 29 is illustrated wireless system information 

952 of which the wireless base station 20 makes the 
broadcast transmission to the wireless terminals under the 
control thereof in the eleventh embodiment of the present 
invention. The wireless system information 952 includes 

10 offer-enable throughput (S) information 980 in addition to 
the wireless system information 950 in the first 
embodiment shown in Fig. 5. This offer-enable throughput S 
is a throughput that the wireless system management server 
sets for the wireless station based on the values measured 

15 at the wireless base station and the wire network, which 
is a value having the congestion situation of the network 
etc. reflected. Fig. 30 is a flowchart at the moment that 
the wireless system registration means 66 of the wireless 
terminal 10, on receipt of this wireless system 

20 information 952, registers/updates the wireless system 
information . 

At first, when the wireless system information 
received from the wireless system information acquisition 
circuit 62 is input (step 881), the wireless system 
25 registration means 66 checks whether the wireless 
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interface and the wireless system identifier N that were 
input were already registered (step 882) , and if they were 
not registered yet, it finishes the process (step 883). In 
a case where they were already registered, it checks 
5 whether the offer-enable throughput S exists in the 

received wireless system information (step 884), if it 
exists, the received value is set for S (step 885) , and if 
it does not exist, a wireless link physical-velocity of 
the wireless system is set for S (step 886). 

10 Next, it sorts all wireless systems already registered 

in the order of magnitude of the offer-enable throughput S 
(step 887) to take a maximum priority as Pmax, and a 
reference throughput as St. Further, the wireless-system 
information already registered is selected in the order 

15 sorted (step 889) to compute and decide the value of the 
priority P as follows 

P = min (Pmax, | S/St | ) 
However, min (x, y) is a function for returning either x 
or y, whichever is a smaller value, and |z| is a minimum 

20 integer that does not exceed z. Finally, the updated 

connection priority P of the wireless system is output to 
the handover determination means 65 (step 892), and after 
the connection status display means 67 is given an 
instruction for the display update (step 893) , the process 

25 returns to the step 889. 



As mentioned above,, in accordance with the present 
invention, it becomes possible to automatically set so 
that the higher the throughput is, the more highly the 
priority of connection is raised in the wireless terminal, 
based upon the offer-enable throughput of which the 
wireless system informed, i.e. the priority has a positive 
correlation as against the throughput. 

In Fig. 31 is illustrated wireless system information 
953 of which the wireless base station 20 makes the 
broadcast transmission to the wireless terminals under the 
control thereof in a twelfth embodiment of the present 
invention. The wireless system information 953 includes 
accounting condition (C) information 990 in addition to 
the wireless system information 950 in the first 
embodiment shown in Fig. 5. The accounting condition, 
which is a value to be set wireless system by wireless 
system, is defined per the unit time, or the unit 
transmission/ reception data quantity. 

Fig. 32 is a flowchart at the moment that the wireless 
system registration means 66 of the wireless terminal 10, 
on receipt of this wireless system information 953, 
registers/updates the wireless system information. When 
the wireless system information received from the wireless 
system information acquisition circuit 62 is input (step 
901) , the wireless system registration means 66 checks 
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whether the wireless interface and the wireless system 
identifier N that were input were already registered (step 
902). If they were already registered, it checks whether 
the accounting condition C is included in the wireless 
5 system information received next (step 904), if it is 

included, the received accounting condition is set for C 
(step 905), and if it is not, C is set to 0 (zero) (step 
906) . 

Further, it sorts all wireless systems already 
10 registered in the order of magnitude of the accounting 
condition C (step 907) to take the maximum priority as 
Pmax, and a reference accounting condition as Ct (step 
908) . It selects the wireless system information already 
registered in the order sorted (step 909) to decide the 
15 priority of connection P as follows. 
P = max (0, Pmax - |C/Ct|) 
(step 911) . However, max (x, y) is a function for 
returning either x or y, whichever is a larger value, and 
\z\ is a minimum integer that does not exceed z. 
20 Finally, the updated connection priority P of the 

wireless system is output to the handover determination 
means 65 (step 912), and after the connection status 
display means 67 is given an instruction for the display 
update (step 913), the process returns to the step 909. 
25 As mentioned above, in accordance with the present 
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invention, it becomes possible to automatically set the 
priority so that the lower the accounting condition is, 
the more highly the priority of connection is raised in 
the wireless terminal, based upon the accounting condition 
5 of which the wireless system informed, i.e. the priority P 
has a negative correlation as against the accounting 
condition . 

The above-mentioned wireless system information can be 
also notified directly to the wireless terminal from the 

10 network management server without generating it in the 
wireless system information broadcast means 86. In this 
case, the wireless system information broadcast means 86 
within the wireless base station is not required, and the 
network management server is configured as shown in Fig. 

15 33. In the figure, 1100 is a basic data base, 1101 is a 

calculation circuit, 1102 is a temporary data memory, 1103 
is a reception circuit, 1104 is a transmission circuit, 
1105 is an input terminal, and 1106 is an output terminal. 
The basic data base 1100 keeps at least one parameter 

20 of the priority P of the connection to the wireless system 
from the wireless terminal, the threshold Ql of the 
wireless link quality with which the connection to the 
wireless system should be initiated, the threshold Q2 of 
the wireless link quality with which the connection to the 

25 wireless system should be disconnected, the flag Fl for 
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making the switchover as to whether or not the connection 
to the wireless system is made automatically, the flag F2 
for making the switchover as to whether or not the 
connection to the wireless system is disconnected 
5 automatically, the flag F3 for making the setting as to 
whether or not a change in the connection status to the 
wireless system is notified to the user of the wireless 
terminal, the flag F4 for making the setting as to whether 
or not the user of the wireless terminal is prompted to 
10 input the authentication information at the time of the 
connection to the wireless system, and the accounting 
condition C per the unit time, or per the 

transmission/reception data quantity that is required for 
the wireless terminal's connection. 

15 In the temporary data memory 1102 is retained a value 

shaped as the wireless system information by the 
calculation circuit 1101, based upon: the offer-enable 
throughput S obtained by taking into consideration both 
the offer-enable throughput in the interval ranging from 

20 the wireless base station to the wireless link that is 
input via the input terminal 1105 and the reception 
circuit 1103, and the offer-enable throughput of the wire 
network that the wireless system management server 
measured; and information of the basic data base 1100. The 

25 wireless system information stored in the temporary data 



- 60 - 



memory 1102 is notified to the wireless terminal through 
the wireless base station via the transmission circuit 
1104 and the output terminal 1106, as shown in Fig. 34. 

Also, in Fig. 35 is illustrated an operational flow of 
5 the network wireless-system management server at this 
moment. When the network management server received the 
offer-enable throughput from the wireless base station and 
the apparatus of the wire network, it keeps its values 
(steps 1201 and 1202). It decides the offer-enable 

10 throughput S in the above wireless base station in 

consideration of these values (step 1203) to decide the 
value of the priority P of the wireless system to be 
broadcasted from the above wireless base station 
responding to the value of S, etc. (step 1204) . Further, 

15 after it wrote the updated wireless system information 

into the temporary data memory (step 1205) to output the 
wireless system information to the wireless base station 
(step 1206), it finishes the process (step 1207). 

In each of the above-mentioned embodiments, as a 

20 communication system, the wireless system was exemplified 
for explanation; however as a rule, not only a plurality 
of the wireless systems, but also the system in which the 
wireless system and the wire system exist together, and 
the wire system are acceptable, and further, it is 

25 apparent that, as to the wireless communication system, 
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not only the mobile communication system but also a 
communication system including the LAN system, etc. are 
acceptable . 

Additionally, it is apparent that the operational flow 
5 of each part in each of the above-mentioned embodiments is 
possible to realize by pre-recording the procedure in 
conformity with this operational flow as a program in a 
record medium to cause a computer such as a CPU etc. to 
read it for execution. 

10 As mentioned above, in accordance with the present 

invention, it becomes possible to stably realize the 
handover between the communication systems responding to 
the connection policy information such as the priority of 
the communication system and the advisability condition of 

15 the automatic connection to be set by the user, and the 
communication link quality between the wireless terminal 
and each communication system. Further, in accordance with 
the present invention, it becomes possible to impose 
restrictions on the number of the communication link that 

20 can be simultaneously established from the communication 
terminal to restrain the power consumption of the 
communication terminal, and to dynamically incorporate the 
operational situation of the network such as the 
congestion status for reflecting it in the conditioned 

25 determination of the handover. 



